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INTRODUCTION
It is generally true that more species of birds coexist per unit area in Central America than in temperate North America (Cook 1969 , Tramer 1974 ); many foraging guilds in Central America have two to four times as many species as their temperate-zone counterparts (Orians 1969 , Karr 1971 , 1976 , Stiles 1978 . Some taxonomic groups and foraging guilds do not follow this trend, but usually these exceptions are explained in terms of biogeographical history (Simpson 1964) or the absence of certain habitats in the tropics (Cook 1969 ). An intriguing exception that may have broader ecological significance involves woodpeckers. Deciduous forests in the northeastern United States have nearly the same number of species of woodpeckers as mature rain forests in Central America. The former have four to six species (Williams 1947 Slud 1960 , Andrle 1967 ). This similarity is particularly noteworthy because woodpeckers comprise a relatively discrete ecological group with a foraging specialization (drilling into bark and wood) not shared by other groups of North American birds. As an apparent exception to the pattern of increasing species richness toward the equator, woodpeckers might provide a clue to why the pattern exists. (Pianka 1966 , Whittaker 1972 . Most emphasize evolutionary history, environmental heterogeneity, environmental disturbance, predation, or productivity, factors that do not obviously affect woodpeckers differently from other organisms. However, one hypothesis, the seasonal stability hypothesis (Klopfer 1959 , Recher 1971 , suggests why woodpeckers should be exceptional. The important factor in this hypothesis is seasonal change in the environment; as I will discuss below. woodpeckers are exceptionally well buffered against seasonal changes in both food supply and weather.
Several hypotheses attempt to explain latitudinal gradients in species richness
According to the seasonal stability hypothesis, the degree of seasonal fluctuation in the environment controls the degree of specialization, and this, in turn, controls species richness. In an environment with relatively little seasonal change, such as a tropical rain forest, certain resources are dependable throughout the year, and species can become narrowly specialized in their foraging behavior. Many specialists can coexist even if competitive equilibrium (Huston 1979 ) is achieved. In a highly seasonal environment, such as a temperate-zone forest, most species are forced to be generalists, since they must use different resources at different seasons, regardless of whether they migrate to a different region or over-winter in the greatly altered local environment. If competitive equilibrium is approached or achieved, relatively few of these generalists can coexist. Their resource needs will overlap much more than do those of specialized species in the tropics and, as a result, competitive exclusion will occur more frequently. Support for this hypothesis comes from documentation of positive correlations between seasonal stability and species richness (Patrick 1966 , Sanders 1969 , Porter 1972 , and from evidence that tropical species are more specialized than their temperate-zone ecological counterparts (Stiles 1978 , Jeanne 1979 , Emmons 1980 . However, many studies show no correlation or a negative correlation between seasonal stability and species richness. Many of these cases involve comparisons within a single climatic zone (Orians 1969, Whittaker 1972 , Pianka et al. 1979 , where there are no consistent latitudinal gradients in species richness and where the large differences in seasonal stability that might be necessary for geographical variation in degree of specialization do not exist (Tramer 1974 , Rabenold 1979 ). Other cases involve communities in which interspecific competition is apparently not important (Wiens 1977 , Connell 1978 , Rabenold 1978 . The seasonal stability hypothesis assumes that competition among species limits the number of species that can coexist, so it would not apply to these communities. However, it may apply to the woodland bird communities that are the focus of this study. Although analysis of foraging guild structure indicates that some woodland bird communities are not close to competitive equilibrium (Rabenold 1978) , perturbation experiments provide convincing evidence that competition is important for some woodland birds (Davis 1973 , Williams and Batzli 1979a , HWgstedt 1980 , Minot 1981 .
The seasonal stability hypothesis is relevant to woodpeckers because they may be relatively unaffected by seasonal change. Roost and nest cavities buffer them against seasonal changes in weather (Askins 1981b), and those woodpecker species that feed on bark insects have a dependable source of food throughout the year. The density of invertebrates in synthetic logs placed in an English forest was similar in winter and summer (Fager 1968) . Moreover, many species of wood-boring larvae require 1-3 yr to mature (Graham and Knight 1965) , so these insects are present (and often represented by several instars) at any time of the year. Carpenter ants are also available throughout the year to birds that are capable of excavating deep into wood (Sudd 1967) . Hence woodpeckers may have a relatively stable food supply in the temperate zone as well as in the tropics.
According to the seasonal stability hypothesis, if seasonal change is equivalent for tropical and temperate woodpeckers, then they should be similar with regard to foraging specialization and species richness. Since woodpeckers do appear to have similar levels of species richness in the two climatic zones, the crucial question is whether tropical and temperate species are specialized to the same extent. The seasonal stability hypothesis would not be tenable (at least as it applies to woodpeckers) if the following two conditions are met: (1) tropical woodpeckers have smaller niche breadths than temperate woodpeckers; (2) this contrast in niche breadths is at least as great as analogous contrasts reported in other studies of tropical and temperate birds, such as Stiles' (1978) study of the leaf-gleaning guild.
STUDY AREAS AND METHODS

Study areas
Tikal National Park, Guatemala. -This 576-km2 park in the northern Pet6n (Table 1) is contiguous with a large expanse of relatively undisturbed forest that stretches northward beyond the Mexican border. The 596-ha study area was located within the major Mayan ruins of Tikal, in the area within 2-3 km of the Great Plaza. The ruins are located on a ridge covered with "high forest" (Smithe 1966 Secondary forest (Lundell 1937 ) is largely limited to small areas near the park headquarters and main ruins.
The understory has been removed near some ruins, resulting in a park-like habitat. On the edge of the study area there are large expanses of escobal, a low, swampy forest dominated by escoba palm (Cryosophila argentea) and botan palm (Sabal morrisiana) (Lundell 1937 Short 1970) , the published information on the tropical species I studied was not detailed enough to conclude that particular species should be excluded from the study a priori.
At my three study sites the excavating guild does not include birds other than woodpeckers. Woodcreepers (Dendrocolaptidae) and the furnariid Xenops minutes occasionally dig insects out of wood (Skutch 1969 Field techniques I used prescribed routes to cover each study area, usually watching woodpeckers in the 4-5 h after dawn and the 2 h before dusk. When I encountered a woodpecker, I recorded its behavior for 5 min or until I lost sight of the bird. This interval is the observation period. A spotting scope or binoculars were used to observe the bird, and a cassette recorder was used to record data. The species, sex, and age (immature vs. adult) were noted, and I measured the time an individual spent foraging in each tree or shrub and on each branch within a tree or shrub. Information about the following six variables was recorded for all of the foraging sites used by a particular woodpecker during the observation period: 1) Height above ground. A distance finder (Rangematic or Ranging 120, Ranging Incorporated, East Rochester, New York, USA) and an angle finder were used to determine the height (to within 1 m) at which an individual first foraged on each separate tree or shrub.
2) Size of branch. The bill of the bird was used as a standard to estimate the diameter of the branch upon which the bird was foraging.
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indicates the amount of overlap between two species in utilization of resource states for a particular variable. The proportion of foraging time species x spends at resource state i is pxi, while the proportion for species y is pyi. Values range from 0 (no overlap in resource use) to I (complete overlap). Abrams (1980) argues that this index more closely approximates the notion of "overlap" than other commonly used indices (including those that consider availability of resources and density of competitors), and thus is superior for descriptive purposes.
Niche overlap values do not clearly reveal the overall structure of the guild. The relationships of different coexisting species are described by the six resource variables, and these relationships might be apparent if points in six-dimensional space could be visualized. Multivariate analyses (principal component analysis and discriminant analysis) were used to collapse the number of dimensions from six to two so that the relationships among the species could be presented graphically (Nie et al. 1975 ). Both of these techniques require continuous variables, however, and four of the six variables (wood type, habitat, movement pattern, and foraging technique) are categorical. I therefore used the time spent in each resource state to make a set of new variables for these analyses. The time individual birds spent in resource states was measured in seconds, so all of the new variables are continuous. Preliminary analysis indicated that many of these resource states are interdependent in regular ways; for instance, a woodpecker using one small-branch category tends to use other small-branch categories. I therefore simplified the resource states to increase the power of the multivariate techniques to show relationships among species rather than relationships among resource states. Data for each variable (other than foraging technique) were categorized into two resource states (e.g., $l0 m and >10 m for foraging height). Foraging technique is too complex to deal with in this manner, so five resource states (short excavation, long excavation [>50 s], surface probing, probing into excavations, and fruit-eating) were considered. The proportion of time each individual spent with respect to each of these simplified resource states (new variables) was used in the analyses. With the exception of foraging technique, only one resource state for each vari- The use of proportions violates the assumption of normality for principal component and discriminant analysis, but these multivariate techniques are being used solely for ordination (graphical display), not for tests of statistical significance. They are robust with respect to frequency distribution when used for this purpose. An arcsine transformation was used to normalize the distribution of the proportions, but this did not change the basic pattern of interspecific relationships derived from untransformed proportions. Moreover, two different types of multivariate analysis were used to substantiate the robustness of the general pattern of interspecific relationships.
The two-sample t test and the chi-square test were used in comparisons of the foraging behavior of males and females. To insure that data were derived from independent observations, I only used information on the initial location and activity of the woodpecker for each observation period. Significance levels were scaled down using the Bonferroni procedure (Miller 1966 ) when multiple comparisons were made. The "experiment-wide" significance level was set at .05.
RESULTS
Nature of the data
Chestnut-colored Woodpeckers and Pileated Woodpeckers are represented by the fewest observations (Table 2) . Both species are difficult to observe, and I did not see any Chestnut-colored Woodpeckers during most of the wet season (June-August), the same period when they are absent from lowland rain forest at Finca "La Selva," Costa Rica (Slud 1960 ).
I plotted saturation curves for overall niche breadth (niche breadth averaged for the six foraging variables) for both species (Fig. 1) . These plots were determined by calculating overall niche breadth values for increasingly large random samples of the total observations for each species. The overall niche breadth values initially increase rapidly as the proportion of the total sample increases, but then begin to level off. This pattern indicates that niche breadth values for Pileated Woodpeckers probably would not change greatly with a larger number of observations, but this is not as certain for the Chestnut-colored Woodpecker. The sample sizes are probably too small to detect subtle sexual or seasonal differences in these two species, and the niche breadth values for Chestnut-colored may be underestimated.
Composition of the excavating guild
Only those species that excavate frequently are considered in the analysis below. The percent of time spent (Table  3) , so they clearly must be included in the excavating guild. The Black-cheeked Woodpecker was also included because it spent nearly half of its foraging time excavating. However, Red-bellied and Golden-fronted woodpeckers spent relatively little time excavating (7-34%), and were not included in the guild. By these criteria the excavating guild comprises six species in Guatemala and three species in Minnesota and Maryland. Thus my initial impression that the guild has nearly the same number of species in the two regions is not substantiated.
Seasonal comparisons
Seasonal shifts in foraging behavior are an important consideration in any analysis of resource use by different species, particularly if there is a season of scarcity when interspecific competition is accentuated (Smith et al. 1978 ). I therefore studied tropical woodpeckers during both the wet and dry seasons, from June to September and from January to March, respectively. I studied northern woodpeckers in both summer (16 April-14 November) and winter (15 November-15 April) in Minnesota, and early fall (9 October-14 November) and late fall and winter in Maryland. As would be expected if food sources for excavators are seasonally stable, there were relatively few seasonal differences in foraging behavior. The only significant differences at any of the study sites were for Downy Woodpeckers in Minnesota and Pileated Woodpeckers in Maryland (Askins 198 Ia). Both species excavated more frequently during the winter. None of the tropical species exhibited significant seasonal differences in foraging, suggesting that even for excavators, food sources are more dependable throughout the year in a tropical rain forest. However, seasonal shifts for Downy and Pileated woodpeckers are small, and I therefore included both summer and winter data for northern species when comparing them with tropical species. 
Sexual differences in foraging
Niche breadth comparisons
The key prediction being tested in this study is that tropical excavators do not have smaller niches than northern excavators. Therefore an average niche breadth value for all excavating species at each study site was calculated for each foraging variable. Average values for Guatemala were then plotted against those for Maryland ( Fig. 2A) and Minnesota (Fig. 2B) . Variables were treated separately to avoid the problems associated with combining niche breadth values for variables that are not independent (May 1975). If the values for two sites are the same, the points will lie on the diagonal. In these plots the points for nearly all of the foraging variables lie near the diagonal, indicating that niche breadths are similar for the tropical and temperate sites, as predicted by the seasonal stability hypothesis.
The point representing foraging technique is below the diagonal in both comparisons, indicating that, on average, the northern species are more specialized in their use of foraging techniques than the tropical species. This is due to the more frequent use by tropical species of techniques other than excavating, such as probing into bark crevices, gleaning, and probing into excavations (Table 3) When the weighted niche breadth values were compared for tropical and northern species, the tropical species were more specialized for habitat and height, the northern species were more specialized for branch diameter and foraging technique, and the two groups were approximately equal with respect to wood type and movement pattern. Hence there is no consistent trend for tropical species to be more specialized.
Structure of the guild
The seasonal stability hypothesis correctly predicts that tropical excavators are not consistently more specialized than northern species. However, the extension of this hypothesis, that similar levels of specialization should lead to similar levels of species richness, is not supported. How can twice as many excavating species live in a tropical forest when they have niches of approximately the same size as northern species? Given the assumptions of the seasonal stability hypothesis, there are two obvious possibilities: tropical species can tolerate greater niche overlap, or there is a greater range of resources in the tropics providing more "room" for excavator niches.
The niche overlap values for separate resource variables are not significantly different for species in Guatemala and Maryland (Mann-Whitney U Test; P > .05 for all comparisons). When Minnesota species are compared with Guatemalan species, however, the tropical species do appear to exhibit more overlap for branch diameter and foraging technique, and the dif- The other possibility, that excavators use a greater range of resources in the tropics, can be tested by making a graphical display of relationships among all species, both tropical and northern, in order to determine whether some of the tropical species lie outside of the ecological realm of the northern species. There are six foraging variables, however, so multivariate analysis was used to reduce the number of dimensions while minimizing the loss in information. A plot derived from discriminant analysis shows the ecological relationships among the species from all three study Differences between Maryland and Minnesota populations of Downy and Pileated woodpeckers are as great as for many pairs of species. This is apparently due to the abundance of berries of Rhus radicans, Lonicera japonica, and Vitis vulpina at the Maryland site during the fall and winter, when these observations were made. At the Minnesota site Downy and Pileated woodpeckers do not have abundant berry sources even during the fall, and they spend a greater proportion of time excavating and less time eating fruit (Table 3) . Consequently Maryland and Minnesota populations of these two species are separated along axis I in the discriminant analysis plot and along the probing and fruit-eating vs. excavating axis (II) in the PCA plot. Also, Dutch elm disease and windstorms killed many trees at the Minnesota site during the 4 yr of the study, and this reduced the foraging differences between the two sites. Both Downy and Hairy woodpeckers showed a significant shift in foraging during the 4-yr period, with increased frequencies for probing and decreased frequencies for long excavations (Askins 198la).
The most important feature of the discriminant analysis and PCA graphs is the separation of two tropical species (Golden-olive and Black-cheeked woodpeckers) from all of the temperate-zone species (Fig. 3) . These two species use nonexcavating techniques such as gleaning, probing the bark surface, and fruit eating much more frequently than the other species in the guild (Table 3) . Black-cheeked Woodpeckers frequently feed on fruit, and Golden-olive Woodpeckers often probe into moss and bromeliads, and tear bromeliads apart. Both species use resources not generally available to northern woodpeckers, and thus a graphical display of the guild shows these two species lying outside the "niche space" inhabited by northern species. Thus, the larger number of excavating species in the rain forest is apparently connected with a greater range of dependable resources and the greater structural complexity of the habitat.
DISCUSSION
Comparisons of both weighted and unweighted niche breadth values for Guatemala and the two northern sites show that there is no consistent tendency for tropical woodpeckers to be more specialized than those in the temperate zone. The conclusion that northern excavators are at least as specialized as tropical excavators is also supported by a comparison of the amount of divergence in foraging behavior between the sexes in Lineated and Downy woodpeckers. Sexual differences in foraging are often found in species that have particularly large niches due to the absence of competitors (Selander 1966 ). Males and females appear to specialize on different "subniches" within this large niche, and this is reflected in different types of foraging by the two sexes. Sexual foraging differences would be expected in places where species have relatively large niches (such as islands and temperatezone habitats), but not where niches are small (such as, presumably, in tropical forests). Following this line of reasoning, one would not expect the sexes of rainforest birds to differ in foraging behavior. The similar degree of sexual divergence in foraging in the tropical Lineated Woodpecker and the northern Downy Woodpecker therefore provides additional support for the contention that niche breadths are not smaller for tropical excavators.
The significance of northern woodpeckers being at least as specialized as tropical woodpeckers depends on whether this is an exceptional situation. The seasonal stability hypothesis is supported if most ecological groups exhibit greater specialization in tropical forests than in northern forests, while excavators (because of their relatively stable food supply) do not show such a difference. Actually, there are surprisingly few quantitative studies that test the common contention that tropical birds are more highly specialized than temperate birds. My own study of Goldenfronted and Red-bellied woodpeckers, two species that were not considered members of the excavating guild, shows that the temperate-zone Red-bellied is more specialized than the tropical Golden-fronted in the use of foraging techniques, foraging heights, and branch sizes (Askins 1981a Karr 1971 , Lovejoy 1974 .
Another important consideration is whether the premise of a relatively stable food supply for tropical excavators is valid. Wood-boring insects are present throughout the year even in highly seasonal environments, but their availability to woodpeckers may change seasonally, and they are only one component of the diet of wood-excavators. Pileated and Downy woodpeckers do show seasonal shifts in foraging behavior (Askins 1981a ), but these changes are small compared to those reported for other temperate-zone birds (Gibb 1954 , Rabenold 1980 , Hutto 1981 . Moreover, it is notable that all of the northern excavating species over-winter. Only female Downy Woodpeckers commonly migrate south in the winter, and they excavate less than any of the other northern excavators (Table 3) . At the Minnesota study site, only 12 species of birds are permanent residents, and 4 of these are woodpeckers (3 of which are excavators). Thus woodpeckers deal with seasonal change as if they were exceptionally well buffered against it.
A relatively constant food supply does not insure stability if demand for food increases greatly during the winter as more energy is used for thermoregulation. However, woodpeckers spend most of the winter (approximately from sunset to sunrise each day) in roost cavities that provide both insulation and protection from wind. A cavity occupied by a Hairy Woodpecker was 50-60C warmer than the exterior of the trunk during the coldest part of two winter nights (Askins 198 lb). The metabolic savings resulting from roosting in an enclosed shelter have been demonstrated for other bird species (Kendeigh 1961 , White et al. 1975 ). Many other temperate-zone species roost in cavities, but woodpeckers have a particular advantage in being able to construct cavities of a specific shape in relatively solid wood (Short 1979) .
Additional evidence that woodpeckers are buffered against seasonal changes comes, ironically, from studies in mildly seasonal tropical rain forests. Fogden (1972) found only six species of birds that molt during the dry season (a period of low insect density) in a rain forest in Sarawak. Four of these are woodpeckers, and Fogden suggests that they can molt at this time because they have a seasonally stable food supply. In high shrub habitat in Panama, Karr (1976) found that the density and species richness of canopy birds declined markedly during the dry season. In contrast, bark-foraging birds showed relatively little seasonal change, perhaps, as Karr suggests, because they have a more dependable food supply throughout the year.
CONCLUSION
This study provides support for the seasonal stability hypothesis, since this hypothesis correctly predicted that excavating woodpeckers (unlike other birds) would not be more specialized in the tropics than in the temperate zone. It also provides additional support for the well-established theory that more species can coexist in tropical forests because of the wider range of resources (Orians 1969 , Lovejoy 1974 , Pearson 1977 ). This appears to be the primary explanation for the greater number of excavating species in Guatemala than in the two northern localities. At least two of the three "additional" excavating species at the tropical locality appear to use a configuration of resources not used by the northern species.
However, simple explanations of patterns of species richness are unlikely to be complete (Whittaker 1972) , and additional factors are probably important in determining the number of tropical woodpecker species. Tropical trees generally have smoother, thinner bark than temperate-zone trees, and this could have a direct effect on excavator diversity (Karr 1971) . Also, the results of this study do not account for regional woodpecker species richness. For example, Panama has as many woodpecker species as the much larger area north of the Mexican border (American Ornithologists' Union 1957, Wetmore 1968), suggesting that on a regional scale, tropical woodpecker species have more precise habitat preferences.
